The objective of this study was to evaluate estrus synchronization and pregnancy rate of Friesian lactating cows during postpartum period in melengesterol acetate (MGA) based protocols for estrus synchronization. The total 30 dairy cows were used in this study, average age between 25-68 months and weighting 440 -620 kg and 1-5 parities was used in this study. At the beginning of the experimental period, the experimental cows were divided }}}into three similar groups, 10 in each. Cows in the 1 st treatment were fed on 0.5 g MGA/cow/day for 14 days. In the 2 nd treatment, cows were fed on 0.5 g MGA/cow/day for 14 days followed 33 days later by injection with 3 ml PGF2α. In the 3 rd treatment, cows were fed 0.5 g MGA/cow/day for to 14 days followed 26 intramuscularly injected with the 1 st dose of 5 ml GnRH, followed 33 days injected with 3 ml PGF2α followed 36 days injected with the 2 nd dose GnRH and fixed-time insemination. Results revealed that estrus response after the end of hormonal protocols were statistically (P<0.05) significantly higher in MGA and MGA+PGF2α protocols (90%) than the MGA select protocol (70%). Pregnancy rates assessed in all cows after AI tended to be higher (90%) for the MGA+PGF2α protocol and moderate in MGA select protocol (80%) than in the MGA protocol being for lower (70%). Progesterone concentration (P4) was above 1 ng/ml in all treated animals pretreatment ranging 2.308 -3.073 ng/ml. After the oral feeding MGA 0.5 g/cow/day, P4 concentration at days of 7 and 14 was increased in all animals of different protocols than in all animals in pre-treatments. On day 24 post-service, concentration of P4 was higher in responded animals, indicating incidence of pregnancy which were conceived after the PGF2α injection in MGA+PGF2α protocol and GnRH injection of MGA select protocol. The economic evaluation indicated that MGA protocol had the cheapest cost (L.E 4.9/cow), followed by MGA+PGF2α protocol (L.E 16.9/cow). While, MGA select protocol showed the highest cost (L.E 56.9/cow).
INTRODUCTION
Reproductive efficiency is essential in well-managed and profitable dairy farms (Nebel and Jobst, 1998) . Optimal economic returns can be achieved in the dairy industry when cows conceive early with three or fewer breeding (Short and Bellows, 1971) .
Melengestrol acetate (MGA), a synthetic progestagen, has been used in various regimens to synchronize estrus in cattle (Patterson et al., 1989 and Odde, 1990) .
The MGA/prostaglandin (PGF) method of estrous synchronization has proven to be very successful in synchronizing estrus in beef heifers (Patterson and Corah, 1992) . One disadvantage to the MGA/PGF protocol is that MGA must be fed for 14 day followed 17-19 day later withy an injiection of PGF (Lamb et al., 2000) . However, when MGA is fed in the absence of a functional corpus luteum (CL), a dominant follicle persists and fertility at the ensuing estrus is reduced (Custer et al., 1994 and Patterson et al., 1989) . The development of persistent follicles may be prevented by strategically synchronizing follicular wave emergence; either GnRH or estradiol-17ß (E-17ß) and progesterone have been given on the first day of a short-term (7-or 8-day) MGA regimen to synchronize emergence of a new wave (Kastelic et al., 1997 and Thundathil et al., 1999) . Stegner et al. (2004a) discussed the advantages and disadvantages related to practical application and successful administration of the MGA Select and 7-11 Synch protocols. The advantages shown here and reported in other studies include the following: 1) MGA is economical to use (approximately $0.02 per animal daily to feed); 2) each protocol works effectively in mixed populations of beef cows that were estrous cycling or anestrus at the time treatments are imposed; and 3) pregnancy rates resulting from insemination performed on the basis of detected estrus or at predetermined fixed times are comparable and highly acceptable .
In the recent years, GnRH and Prostaglandin F2α (PGF2α) have been used in various combinations to increase reproductive efficiency in lactating dairy cows and heifers (Yaniz et al., 2004) .
The anabolic mode of action of MGA is assumed to be due to stimulation of the ovarian synthesis of endogenous estradiol (Hageleit et al., 2000) . Androgenic side effects are probably not of concern because a recent study has shown that the binding affinity of MGA to the rhAR is only about 1% of testosterone and 0.3% of dihydrotestosterone (Bauer et al., 2000) .
Therefore, the aim of the current study was to evaluate estrus synchronization and pregnancy rate of Friesian lactating cows during postpartum period in MGA based protocols for estrus synchronization.
MATERIALS AND METHODS
The present study was carried out at Sakha Animal Production Research Station, belonging to the Animal Production Research Institute, Agricultural Research Center, Ministry of Agriculture and Land Reclamation, Egypt during the period from October, 2012 till April, 2013.
Animals:
Total of 30 cows were used in this study, aging between 25 -68 months and weighing 440 -620 kg and 1-5 parities was used in this study. At the beginning of the experimental period, the experimental cows were divided into three similar groups, 10 in each. Mutiparous cows (n=19 in all groups) were divided according to their BW, parity and milk production of the previous season, while primiparous cows (n=11 in all groups) were allotted based only on their BW. All cows were chosen at postpartum period (40 days post calving).
Experimental cows were fed a diet containing concentrate feed mixture, rice straw and corn silage according to the recommendation of NRC (2001) for dairy cows based on their live body weight and milk yield.. All cows free of any diseases with healthy appearance and they were housed in separated two groups under semi-open sheds, partially roofed by asbestos Treatment protocols:
Cows in the 1 st treatment of miparous cows (n=3) and mutiparous cows (n=7) were cows were feeding 0.5 g MGA/cow/day for to 14 days (Diagram 1).
In the 2 nd treatment, miparous cows (n=4) and mutiparous cows (n=6) were feeding 0.5 g MGA/cow/day for to 14 days followed 33 days later by injection with 3 ml PGF2α analogue (Synchromate Bremer Pharma 27540 Bremerhaven Germany) containing (0.750 μg cloprostenol), thereafter animals were observed for oestrus signs and those in heat were served (Diagram 1).
In the 3 rd treatment, primiparous cows (n=4) and mutiparous cows (n=6) were feeding 0.5 g MGA/cow/day for to 14 days followed 26 intramuscularly injected with the 1 st dose of 5 ml GnRH analogue (Receptal, Hoechst, Germany) containing 20 μg GnRH, followed 33 days injected with 3 ml synchromate (PGF2α analogue), followed 36 days injected with the 2 nd dose GnRH analogue with 5 ml GnRH analogue (Receptal, Hoechst, Germany) containing 20 μg GnRH and fixed time insemination after 72 h injected with the 2 nd dose GnRH (Diagram 1).
Blood sampling:
Blood samples were collected 8, 4 and 1 day before initiation of MGA feeding to determine pretreatment concentrations of progesterone and oestradiol-17β in blood serum of cows. In during treatment period, blood samples were collected twice weekly, at 3-4 days interval via the jugular vein from all the experimental cows for determination of progesterone (P4) and oestradiol-17β in blood serum. Within an hour after collection, samples were centrifuged for 15 minutes at 3000 rpm for serum separation. Serum samples were stored at -20 ºC till the P4 assay.
Progesterone assay:
Direct radioimmunoassay technique (RIA) was performed for determination of P4 concentration in blood serum using ready antibody coated tubes kit (Diagnosis Systems Laboratories, Texas, USA) according to the procedure outlined by the manufacturer.
According to the manufacture's information, the cross reaction of progesterone antibody (at 50% binding), was 100% with progesterone while was 6.00, 2.50, 1.20, 0.80, 0.48, and 0.10% with 5α-pregnone-3, 20-dione 11-Deoxycorticosterone, 17α-Hydroxyprogesterone, 5β-pregnone-3, 20-dione 11-Deoxycortisol, and 20α-Dihydroxyprogesterone, respectively and less than 0.1% with any of the other steroids.
The standard curve of P4 ranged from 0.0 to 40.0 ng /ml. The sensitivity value was reported to be 0.12 ng /ml. The intra and inter-assay coefficients of variation were 8.0% and 13.1%.
Oestradiol-17β radioimmunoassay:
Oestradiol-17β concentrations were determined by the radioimmunoassay procedure previously reported by Sirois and Fortune (1990). The intra-assay coefficient of variation for oestradiol-17β was 4.0% when calculated from duplicates of the entire material. The inter-assay coefficient of variation was 10.9% (116.3 pmol/l). The detection limit of the assay was 2.9 pmol/l.
Statistical Analysis:
To compare between within each treatment group, results of P4 concentration were statistically analyzed according to Snedecor and Cocharn (1989) and the statistical model was: Yij = U + Ai + eij. Where: Yij = Observed values. U = Overall mean. Ai = Animals (conceived and non-conceived). eij = Random error. Chi-square was used to test the differences in conception rate among treatment protocols. Duncan Multiple Range test (Duncan, 1955 ) was used to get the mean separations among treatment protocols for total cost/animal.
RESULTS AND DISCUSSION
The percentages of cows observed in estrus response after the end of hormonal protocols were 90; 90 and 70% for the MGA alone, MGA+PGF2α and MGA select protocols, respectively. The differences among groups were statistically (P<0.05) significantly higher in MGA and MGA+PGF2α protocols (90%) than the MGA select protocol (70%). These in MGA and MGA+PGF2α protocols provide a consistently high estrous response and predictable synchrony of estrus. Treatment differences in serum concentrations of progesterone at PGF2α on d 33 in this experiment are likely a function of MGA+PGF2α protocol.
Feeding an oral MGA suppresses estrus by inhibiting the ovulatory surge of luteinizing hormone (LH) (Yelich et al., 1997) , it also has the potential of inducing estrus in prepubertal heifers (Patterson et al., 1989) .
Pregnancy rates assessed in all cows by rectal palpation on day 60 after AI tended to be higher (90%) for the MGA+PGF2α and moderate in MGA select protocols than for lower in the MGA protocol being 70%, (Table 2) in the 1 st estrus. Generally, the obtained high CR in this study after the 1 st PGF2α injections after feed MGA of 19 day was attributed to an appropriate time of oestrus incidence and consequently good time of insemination and fertilization. Repasi et al. (2006) found that more cows became pregnant (P>0.05) if they were inseminated within 4 days after PGF2α treatment.
Feeding MGA at 0.5 mg/head/day for 14 d followed by PGF2α injection 17 day after MGA withdrawal has been an effective of estrous cycle control in heifers (Brown et al. 1988) . The MGA regime resulted in a higher percentage of cows in estrus and comparable pregnancy rates when compared to an MGA-PGF2α (Wright et al., 2001) . When used in combination with an MGA-PGF2α synchronization program, gonadotropin releasing hormone (GnRH) has decreased the time to estrus and given the potential for fixed-time insemination (Wood et al. 2001) . Injecting cows at random stages of the estrous cycle with GnRH causes a luteinizing hormone (LH) release, which leads to ovulation.
In MGA+PGF2α protocol, prostaglandin should be administered 19 days after the last day of MGA feeding. This treatment places all animals in the late luteal stage of the estrous cycle at the time of PG injection, the synchronized period and conception rate. Although a 19-day interval is optimal, 17-to 19day intervals produce acceptable results and provide flexibility for extenuating circumstances (Brown et al., 1988; Deutscher, 2000 and Lamb et al., 2000) .
The fertility after treatment MGA Select protocol was shown to produce pregnancy rates resulting from fixed-time AI consistently ranging from 54 to 72% .
The MGA Select protocol results in a consistent synchrony of estrus with the peak estrous response typically occurring 72 h after the administration of PG Stegner et al., 2004b) . Furthermore, pregnancy rates following administration of the MGA Select protocol and resulting from fixed-time AI have consistently run ≥ 60%, when AI was performed 72 h after PG (Perry et al., 2002; Stegner et al., 2004c and Bader et al., 2005) . The pregnancy rates resulting from fixed-time AI reported in this study following treatment with the MGA Select estrus synchronization protocol are consistent with other published data when insemination was performed 72 h after PG (Perry et al., 2002; Stegner et al., 2004c and Bader et al., 2005) . The MGA Select protocol have been shown to reliably induce estrous cyclicity, improve estrous response, and increase pregnancy rates during the synchronized period in anestrous and estrous cycling cows (Kojima et al., 2000 and Patterson et al., 2002) .
In study MGA select protocol (timed AI) was improved pregnancy rates compared with MGA protocol for both lactating cows. The results shown that Kastelic et al., (1997) , who that feeding MGA after timed AI, significantly improved pregnancy rates compared with untreated controls for both heifers (4 of 9 vs. 0 of 7) and cows (6 of 11 vs. 1 of 9). Similarly, significant increases in pregnancy rates have been reported when progestagen supplementation was given after breeding when pregnancy rates in untreated cattle were relatively low (Van Cleeff et al. 1991) .
Progesterone profile
Concerning progesterone (P4) profile pre-, during and post-treatment of all protocols shown in Table 2 . The P4 concentration was above 1 ng/ml in all treated animals pre-treatment ranging 2.308 -3.073 ng/ml. After the oral feeding MGA 0.5 g/cow/day, P4 concentration at days of 7 and 14 was increased in all animals of different protocols than in all animals in pretreatments (Table 2) .
In day 36-38, P4 level markedly decreased below 1 ng/ml in animals responded to oestrus in MGA+PGF2α and MGA select protocols (0.26 and 0.604 ng/ml, respectively) than in MGA protocol (1.12 ng/ml) as a result of CL regression, initiation of new follicular wave and onset of oestrus. However, level of P4 was higher in non-responded cows (Fig. 1-4) , indicating no incidence of oestrous or silent ovulation in this animal. On day 24 postservice, concentration of P4 was higher in responded animals, indicating incidence of pregnancy which were conceived after the PGF2α injection in MGA+PGF2α protocol and GnRH injection of MGA select protocol and then fixed-time AI, 16 to 24 h after the second GnRH treatment (Table 2) . Concentration of P4 during synchronized period and post-treatments in deferent protocols were shown in Figure 2 , 3 and 4. In Figure 2 shown P4 concentration in animals of MGA protocol (conceived and non-conceived). However, P4 in MGA+PGF2α and MGA select protocols were show in Figure  3 and 4, respectively. The P4 level pre-and post-injection as well as on day 24 post-service showed similar trend to those animals conceived.
Concentrations of P4 at 7, 33 and 26 day significantly higher (P<0.05) in MGA+PGF2α protocol than in MGA and MGA select protocols, however in day 14 higher in MGA+PGF2α and MGA select protocols than in MGA protocol (Table 2) Fig. (1) : Progesterone profile in cow of different protocols. Results in table (3) shown that oestradiol-17β concentration preand during the treatments in all cows were significant in different protocol during period experimental. Oestradiol-17β concentration was significantly (P<0.05) higher at pre-treatment and day 14 and 33 of treatment in MGA Protocol and MGA+PGF2α protocol than in MGA select protocol (Table 3 and Fig 5) .
Melengestrol acetate, a synthetic progestin, has been used in various regimens for estrus synchronization (Patterson et al. 1989 and Odde 1990) .
In one synchronization regimen, MGA is fed for 7 d (days 1 to 7) with PGF given on day 7 (Beal et al. 1988 ). This regimen effectively synchronizes estrus, but pregnancy rates are lower in cattle that are late in the estrous cycle at the start of MGA treatment compared with those that are early. When this regimen is started late in the estrous cycle, the corpus luteum regresses, a dominant ovarian follicle becomes large and persists, and plasma estrogen concentrations increase (Custer et al. 1994 and Kojima et al. 1995) . Treatment with E17causes atresia of the existing large ovarian follicles and results in emergence of a new follicular wave, on average, 4.3 d after treatment (Bo et al. 1995) . Progesterone (100 mg) is given with the E17 to prevent an estrogen-induced LH surge in cattle without a functional corpus luteum (Bo et al. 1994) . Treatment with GnRH has been shown to cause ovulation or atresia of large antral follicles (regardless of the stage of the estrous cycle), with a new follicular wave emerging approximately 2 d after treatment (Twagiramungu et al. 1994) . In most synchronization regimens utilizing GnRH, PGF is given 6 or 7 d later followed by a second GnRH treatment 30 to 48 h after PGF and then fixed-time AI, 16 to 24 h after the second GnRH treatment (Twagiramungu et al. 1995) . 
Comparison among protocols:
From the reproductive point of view, 24 out of 30 treated cows (80%) were conceived using all hormonal protocols, being the highest in MGA+PGF2α protocol (90%), moderate (80%) in MGA select protocol and the lowest (70%) in MGA protocol. While, the economic evaluation indicated that MGA protocol had the cheapest cost (L.E 4.9/animal), followed by MGA+PGF2α protocol (L.E 16.9/animal), and while MGA select protocol showed the highest cost (L.E 56.9/animal, Table 4 ). 
CONCLUSION
The current study indicated that some differences between protocols and average P4 concentration during oestrous cycle, being with higher values in conception rate in cows. Cows treated by MGA+PGF2α protocol at insemination based on heat incidence to improve their reproductive performance. From the economic point of view, MGA+PGF2α protocol showed the best results (conception rate and costs) compared to the other protocols.
